5 2.1. Model description 76 The waste conversion and energy recovery processes were simulated in Aspen Plus® environment, as depicted in Figure 1 using a non-77 stoichiometric thermodynamic equilibrium model that minimises the Gibbs free energy in the system. produced from the decomposed fuel and the elemental constituents of the dry fuel were introduced into a RGIBBS reactor (PRI-COMB).
85
This reactor minimizes the Gibbs free energy at defined temperature and pressure under constraints of elemental balance, without 86 requirements for reactor design and reaction stoichiometry, that is typically a balance between the amounts of reactants and products. Air 87 stream was introduced into the PRI-COMB block at standard temperature and pressure to maintain combustion and this was defined in
88
Aspen Plus® as a conventional mixed stream.
89
The combustion gas products that exit the PRI-COMB were separated into solids and gas streams using a SSPLIT block (SEPARATR).
90
The heat from the gas stream was recovered through the HRSG block that is connected to a steam boiler. The steam generated from the 91 boiler flowed to the steam turbine where work was produced while the residual heat in the exhaust gas was removed via heat exchange in 92 the block (CONDNSR). The cooling water required for heat exchange from the hot flue gases and to produce steam was supplied by a 93 PUMP block. The air supply rate and cooling water flow rate were calculated using calculator and design spec blocks. A steady state 94 simulation was achieved, assuming ideal gas behaviour for all gases including air (21 vol. % oxygen and 79 vol. % nitrogen). The boiler,
95
steam and overall efficiencies, and the exploitable WtE were derived using Eqn. 3-6. This Exploitable WtE is all denoted as MW, that is
96
MWh per hour of operating the plant, except otherwise stated. 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   7 The results also assume that all the waste generated at households and commercial properties reaches the MSW treatment facilities; 
161
There was no distinct correlation between the rate of generation of MSW and factors common among the cities evaluated. The disparities 162 were attributed to scope and methodological differences, poor sampling and test designs, and low quality of data sources due to the use of assumption that all the waste generated at household, and commercial levels reaches the landfill does not provide a realistic data set for the 167 exploitable energy potential in Nigeria, which limits the use of these studies for practical scenarios. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 of 1.4 kg/cap/day. In Malaysia, an upper middle income country with an average MSW rate of 0.80 kg/cap/day, it was estimated that 2400 The exploitable electricity generation potential for various energy conversion technologies are presented in Figure 3 as contour plots as a can be a feasible form of distributing energy generated from WtE facilities.
290
We therefore propose the following recommendations to maximise the Nigeria's waste-to-energy potential. Firstly, considering the 291 disconnect between policy-makers and stakeholders in solid waste management, there is need for adequate reference and structure for the 292 deployment of WtE projects in Nigeria. We recommend appropriate legal, policy, regulatory, and institutional framework to promote newer 293 and more sustainable energy recovery options from wastes. Secondly, there are opportunities to be explored between the formal and 294 informal sectors within and between the states via strategic partnership to promote a sustainable waste management system and to secure 295 sufficient quantities of waste. Waste management policies that incorporate waste pickers and scavengers can create jobs, reduce 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   11 by excluding the agent's role in the transfer process (64 operation; this will be necessary in the future. 
Sensitivity Analysis

326
The analysis in section 3.1-3.2 have considered the treatment of 1200 tonnes of MSW/day, and fuel with fixed composition and calorific engine components and quality of steam recovered. As such, there is a limit to the amount of fuel that can be consumed and consequently , 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
12 Figure 4b shows that the removal of moisture from MSW can increase net plant efficiency. At 0 wt.% arb, the NPE improved by 33% with 343 respect to the baseline fuel scenario, and at 20 wt.% arb, the NPE improved by 22%. The results imply that a 10% reduction in the moisture 344 content of the MSW can improve net plant efficiency of the WtE facility by 4-7%. High moisture levels in waste streams is limiting for 345 energy recovery because the energy that could be derived from the fuel is significantly reduced, which might only be sufficient for part-346 drying the incoming waste streams. This is particularly important for mass burn incineration, where there is no pre-treatment of the waste.
347 Figure 4c shows that the changes in net efficiency of the WtE facility varied from 1-4% due to varying ratio of organic matter-to-ash 348 content. A change in composition that reduces the organic matter-to-ash ratio of the MSW suggested to contain less than moisture 50%, ash content less than 60% and carbon content that is above 25%. GWh/year, and could be as low as 3768 GWh/year at poor waste generation capacity of 0.30 kg/cap/day and collection efficiency of 30%.
366
To this end, we showed that a MSW generation rate of ≥0.60 kg/cap/day and WCE ≥70% would be required for at least half of the states to 367 own a WtE facility that can connect to the national grid, under a minimum electricity generation requirement of 50 MW. 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 14 Waste-to-Energy includes processes such as incineration, gasification, pyrolysis that thermally treat solid waste and directly recover energy health impacts from exposed burning of waste, and prevent the spread of infectious diseases via parasitic agents (7-9).
27
Waste-to-Energy can play a significant role in the changing energy climate in Nigeria, particularly as a renewable energy resource, as this is 28 increasingly becoming important. By the year 2025, renewable energy is expected to account for 10% of the total energy demand projection 29 and particularly for remote and off-grid power generation (10). As part of the strategic objectives of the National Renewable Energy and
30
Energy Efficiency Policy (NREEEP), a legislative framework that aims at increasing the power generation capacities and the share of 31 renewable energy sources in Nigeria, pilot projects of biomass energy conversion systems are proposed for development (11). These 32 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5
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The waste conversion and energy recovery processes were simulated in Aspen Plus® environment, as depicted in Figure 1 using a non-77 stoichiometric thermodynamic equilibrium model that minimises the Gibbs free energy in the system. produced from the decomposed fuel and the elemental constituents of the dry fuel were introduced into a RGIBBS reactor (PRI-COMB).
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The heat from the gas stream was recovered through the HRSG block that is connected to a steam boiler. The steam generated from the 91 boiler flowed to the steam turbine where work was produced while the residual heat in the exhaust gas was removed via heat exchange in 92 the block (CONDNSR). The cooling water required for heat exchange from the hot flue gases and to produce steam was supplied by a
93
PUMP block. The air supply rate and cooling water flow rate were calculated using calculator and design spec blocks. A steady state 94 simulation was achieved, assuming ideal gas behaviour for all gases including air (21 vol. % oxygen and 79 vol. % nitrogen). The boiler,
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There was no distinct correlation between the rate of generation of MSW and factors common among the cities evaluated. The disparities 162 were attributed to scope and methodological differences, poor sampling and test designs, and low quality of data sources due to the use of because the deductions were based on waste that was collected and utilised, not just the amount that is generated. 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 of 1.4 kg/cap/day. In Malaysia, an upper middle income country with an average MSW rate of 0.80 kg/cap/day, it was estimated that 2400 
246
This study has demonstrated the use of mass burn incineration as the most applicable WtE facility for the waste management landscape in with plant efficiency >40% for electricity generation and combined heat and power (CHP) plant that can ensure 66-78% efficiency (56).
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347 Figure 4c shows that the changes in net efficiency of the WtE facility varied from 1-4% due to varying ratio of organic matter-to-ash by the effect of fuel composition on fuel calorific value. Figure 5 shows that moisture can significantly reduce the energy content of fuel.
352
Here, the LHV of the MSW is 27.18 MJ/kg at moisture levels of 0 wt.% arb, but 6.68 MJ/kg at moisture levels of 50 wt.% arb. suggested to contain less than moisture 50%, ash content less than 60% and carbon content that is above 25%. GWh/year, and could be as low as 3768 GWh/year at poor waste generation capacity of 0.30 kg/cap/day and collection efficiency of 30%.
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